COST  EFFECTIVENESS  PROGRAM  PLAN 


JOINT  TACTICAL  COMMUNICATIONS 


BISW""'  ' 

VOLUME  V 


TRI-TAC  STYLIZED  NODAL  DESCRIPTIONS 


docutfv 


JOINT  TACTICAL  COMMUNICATIONS  OFFICE 
FORT  MONMOUTH,  N.J. 


DISCLAIMER  NOTICE 


THIS  DOCUMENT  IS  BEST  QUALITY 
PRACTICABLE.  THE  COPY  FURNISHED 
TO  DDC  CONTAINED  A SIGNIFICANT 
NUMBER  OF  PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


EZ5 


SECURITY  CLASSIFICATION  OF  THIS  PAOE  (When  Dm a Kntorod) 


REPORT  DOCUMENTATION  PAGE 


lESBBESSSal 


i 


Cost  Effectiveness  Program  Plan  for  Joint 
Tactical  Communications*  V*  TRI-TAC  Stylized 
Nodal  Descriptions  . 


7.  AUTHORfcJ 


\/o  1 (J  fy'  <L 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


S.  RECIPIENT’S  CATALOO  NUMRER 


5.  TYPE  OF  REPORT  A PERIOD  COVERED 


S.  PERFORMING  ORO.  REPORT  NUMBER 


8.  CONTRACT  OR  SRAnT  NUMBER! 


mmEESSBIL 


9.  PERFORMING  ORGANIZATION  NAME  ANO  ADDRESS 

Joint  Tactical  Communications  Office 
Fort  Monmouth,  NJ  07703 


II.  CONTROLLING  OFFICE  NAME  ANO  ADDRESS 

Joint  Tactical  Communications  Office 

ATTN : TT-RT-OR 

Fort  Monmouth,  NJ  07703 


MONITORING  AGENCY  NAME  4 AOORESS<if  different  from  Controlling  Olllco)  IS.  SECURITY  CLASS,  fof  thfa  report.) 

UNCLASSIFIED 

ISa.  oeclassification/oowngraoing 
SCHEDULE 


18.  DISTRIBUTION  STATEMENT  (o I Olio  Roport) 

Unlimited 


17.  DISTRIBUTION  STATEMENT  (of  the  abstract  an  farad  In  Block  20,  It  dlffarant  from  Report) 


19.  KEY  WOROS  (Continue  on  rovoroo  aide  It  noeooaorr 

Cost  Effectiveness 
TRI-TAC 

Tactical  Communications 
SB-3865 


and  identity  by  block  number) 

Nodal  Models 
Nodes 
AN/TTC-39 
AN/TTC-42 


ABSTRACT  f Continue  an  roooroo  at  do  It  noeoooory  and  Identity  by  block  number) 

"^The  purpose  of  this  volume  is  to  identify  a limited  number  of  typical  stylized 
nodal  models  that  have  been  developed  by  the  TRI-TAC  Office  to  define  a range  of 
alternatives  for  various  types  of  cost  effectiveness  studies.  Eleven  nodal 
types  are  identified;  four  contain  AN/TTC-39  switches,  four  are  based  on  the 
AN/TTC-42,  and  three  address  the  SB-3865  unit  level  switchboard.  Each  node  is 
described  in  terms  of  a block  diagram  which  shows  its  major  elements  and  how 
they  will  be  Interconnected.  Specific  details  of  each  node  are  presented  and 
additionally,  variations  of  the  nodal  configurations  can  be  readiljfy  developed 


<8’*°L6T*0  £1  UNCLASSIFIED  / / 

O/O  )ffl„|Ty  ri  4WFI.CA.TIOH  OF  THI8  PAGE  (When  Dele  Entered) 


UNCLASSIFIED 

SKCUWITY  CUAmnCATIOM  OF  THU  PAOKfWh—  DMm  Mntanl) 

20.  Cont’d 

by  either  (1)  revising  one  or  more  of  the  ground  rules  which  changes  the  equip- 
ment allocations;  or  (2)  varying  the  major  assemblies  in  a "stylized"  node.  Jr- 


VOLUME  V 


TRI-TAC  Stylized  Nodal  Descriptions  have 
been  prepared  by  the  Operations  Research 
Division,  Operations  Research,  Test  & Analysis 
Directorate,  TRI-TAC  Office. 

Questions  may  be  directed  to  the  following 
individuals : 


M.  C.  Heuston 
Chief 

Operations  Research  Division 
AUTOVON  992-8382 


Thomas  M.  Loughney 
Operations  Research  Division 
AUTOVON  992-8383 


78  07  27  076 


i 


\ - 


Preface 


The  stylized  nodes  described  in  this  document 
are  based  on  information  that  is  current  at  the  time 
of  publication.  Primary  source  documents  were  the 
TRI-TAC  equipment  specifications.  If  a source  docu- 
ment should  change,  such  as  the  configuration  of  the 
COMSEC  module  in  the  CNCE,  the  count  of  equipment 
found  at  a node  will  probably  be  influenced.  The 
users  of  this  document  should  update  the  equipment 
tables  when  such  changes  occur.  The  TRI-TAC  Office 
will  modify  this  document  periodically  or  when  signi- 
ficant changes  occur. 
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STYLIZED  NODAL  DESCRIPTION 


JOINT  TACTICAL  COMMUNICATIONS  SYS TEMS/ EQUIPMENT 


1.0  INTRODUCTION 

The  Joint  Tactical  Communications  (TRI-TAC)'6f f ice  conducts 
the  Cost  Effectiveness  Program  Plan  (CEPP)  for  joint  tactical  communications 
in  conjunction  with  the  Services  and  Agencies.  The  CEPP  establishes  the 
procedures  and  instructions  for  applying  the  concepts  and  tools  of  design  to 
cost  and  cost  effectiveness  analysis  to  system  planning,  trade-offs,  testing, 
economic  analyses,  and  cost  analyses  involved  in  acquisition  processes  of 
joint  tactical  communication  systems  and  equipment.  The  CEPP  comprises 
several  volumes  and  appendices  devoted  to  measures  of  effectiveness,  life 
cycle  cost  estimating  and  analyses,  threat  information,  and  technology 
forecasts . 

Volume  I i/of  the  CEPP  provides  an  overview  of  the  scope  of 
the  Plan  as  it  affects  the  Services  and  Agencies,  and  the  TRI-TAC  Office. 

It  establishes  a joint  Service/Agency  Cost  Effectiveness  Coordinating  Com- 
mittee. It  also  emphasizes  that  the  instructions  and  guidelines  contained 
in  the  follow-on  volumes  should  be  used  in  the  following  areas  associated 
with  TRI-TAC  systems/subsystems/equipment  and  related  development /acquisition 
contracts:  architectural  planning;  economic/cost  analyses;  design  and  inte- 
grated logistic  trade-offs;  base  line  and  independent  costing  efforts;  pro- 
gram management  and  planning  studies;  and  decision  coordinating  papers  (DCP) . 
Moreover,  it  stresses  that  the  CEPP  should  be  used  in  the  contractual  process 
involving  TRI-TAC  equipment  development  and  procurement. 

Volume  II  i/provides  a conceptual  model  useful  for  performing 
effectiveness  analyses  at  the  system  level  for  planning  and  cost-effective- 
ness studies  of  joint  tactical  communications.  It  also  provides  guidelines 
for  the  modification  and  application  of  this  model  to  similar  types  of  pro- 
blems at  the  equipment  level.  The  model  is  also  applicable  to  the  design  of 
test  programs.  It  presents  joint  Service/Agency  coordinated  Measures  of 
Effectiveness  of  TRI-TAC  programs. 


AiJoint  Tactical  Communications  Office,  Cost  Effectiveness  Program  Plan  for 
Joint  Tactical  Communications,  Vol  I - Management  Overview,  TTO-ORT-032- 
75-VIA,  November  1975. 

iAbid , Vol  II  - System  Effectiveness,  TTO-ORT-032-74-V2 , November  1974. 


Volume  III— 'serves  as  TRI-TAC  Office  instructions  and  guidance  to 
the  Services  and  Agencies  for  their  preparation,  reporting,  and  tracking  of 
life  cycle  cost  estimates  of  TRI-TAC  systems,  subsystems,  and  equipments. 

It  provides  formats  for  reporting  TRI-TAC  costs  in  a manner  to  enhance 
71I-TAC  financial  management  and  planning  by  the  Services/Agencies/TRI-TAC 
Office/and  ASD  (0^1). 


Volume  IV -/provides  preliminary  threat  information  useful  for 
planning  and  analytical  modeling  purposes.  This  Volume  is  being  replaced  by 
a more  extensive  effort  by  the  TRI-TAC  Office  and  the  Services  and  Agencies. 
It  is  scheduled  for  completion  in  1978. 


Since  initiation  in  1973,  the  CEPP  has  established  and  coordinated 
the  basic  joint  Service/Agency  methods,  factors,  formats,  and  definitions 
for  performing  cost  effective  type  analysis.  Recently,  the  TRI-TAC  Office 
and  the  Services  and  Agencies  have  concentrated  on  coordinating  proper  input 
data  to  the  models  and  analytical  techniques  mentioned  in  Volumes  II  and 
if.  Most  importantly,  these  volumes  and  their  inputs  have  since  been 
effectively  applied  by  the  TRI-TAC  Office  and  the  Program  Managers/ System 
Program  Office  (PM/SPO)  to  the  contractual  planning  process  of  almost  all  of 
the  TRI-TAC  equipment  programs. 


TRI-TAC  Cost  Effective  Program 


The  TRI-TAC  Office  is  charged  by  DOD  Directive  5148.7  , with  the 
responsibility  for  achieving  interoperability  among  telecommunication 
systems  and  providing  for  the  timely  fieldin*,  of  the  most  cost  effective 
telecommunication  technology  without  a wasteful  duplication  of  effort.  The 
CEPP  was  initiated  to  assist  in  fulfilling  the  TRI-TAC  responsibility  for 
insuring  the  fielding  of  these  equipments  in  a cost  effective  manner. 


Cost  effectiveness  analysis  is  a very  practical  management  tool  to 
assist  and  advise  decision  makers  at  all  levels.  It  is  used  to  evaluate 
alternative  systems  or  equipments  in  terms  of  estimated  total  costs,  risks, 
and  benefits,  effectiveness,  and/or  performance.  It  is  a type  of  analytical 
study  that  is  "designed  to  assist  a decision  maker  in  identifying  a prefer- 
red choice  among  possible  alternatives."-^-'  Most  importantly,  it  provides 
analysts,  planners,  and  decision  makers  useful  visibility  into  the  implica- 
tions of  the  time  phased  funding  and  benefits  of  broad  management  planning 
choices. 


1/Ibid,  Vol  III,  Life  Cycle  Costing,  TTO-ORT-032-78C-V3,  April  1978 


Vol  IV,  Threat  to  TRI-TAC  Systems,  TT-0RT-032-76-V4,  October  1976 


I/DOD  Directive,  5148.7,  The  Joint  Tactical  Communications  (TRI-TAC) 
Program,  17  January  1978. 

Jf/(}uade,  E.  S.  , Cost  Effectiveness  Analysis,  edited  by  Goldman,  T.  A., 
Washington  Operations  Research  Council,  Praeger  Publications,  New  York 
1967,  Chapter  1,  "Introduction  and  Overview,"  p.  1. 


The  application  of  cost  effectiveness  to  advanced  programs,  such 
as  the  TRI-TAC  equipment,  is  usually  handicapped  by  the  lack  of  adequate 
descriptions  of  the  theater  level  compositon  of  proposed  new  equipment. 

In  the  case  of  TRI-TAC,  cost  analysis  and  Integrated  Logistic  Support 
studies  of  total  forces  of  nodal  equipment  have  shown  the  need  for  better 
input  data  particulary  data  which  wi II  help  in  requirement  studies.  The 
stylized  nodes  that  are  described  in  this  volume  are  nodal  models  that  can 
be  used  to  define  a range  of  alternatives  for  various  types  of  cost 
effectiveness  studies. 

The  TRI-TAC  Program  Budget  Guide  (PBG) ^ prepared  by  the  TRI-IAC 
Office  to  also  assist  the  Services/Agencies  in  their  planning  and  budgeting 
process,  presents  equipment  quantities  that  may  be  required  for  several 
types  of  nodes.  The  allocation  ground  rules  that  are  used  in  the  PBG 
present  single  estimates  of  quantity  and  are  not  compatible  with  the 
approach  used  in  structuring  the  range  of  estimates  for  the  stylized  nodes 
that  are  described  in  this  document.  As  a result,  a close  correlation 
will  not  be  found  between  the  quantities,  especially  in  the  percent  security 
levels,  that  are  listed  in  the  two  documents. 

1 . 2 TRI-TAC  Stylized  Nodes 

The  TRI-TAC  Office  is  the  systems  architect  for  Tactical  Communi- 
cation Systems  and  equipment.  In  performing  this  portion  of  its  mission, 
TRI-TAC  has  defined  the  system  architecture  and  has  developed  a series  of 
equipment  performance  specifications  that  are  used  by  the  Services  and  NSA 
to  develop  specific  families  of  equipment.  The  services  will  use  these 
equipments  to  structure  tactical  communication  systems  that  can  be  tailored 
to  meet  a variety  of  deployment  requirements  in  diverse  geographical  areas 
of  the  world. 

At  present  there  are  in  excess  of  thirteen  TRI-TAC  equipment 
programs  that  have  been  tasked  to  the  Services  and  NSA  for  development. 

A complete  description  of  these  equipments  can  be  found  in  the  TRI-TAC 
Program  Budget  Guide.  Many  of  these  taskings  require  the  development  of 
a family  of  equipment.  For  example,  the  largest  family,  the  Digital  Group 
Multiplexer  (DGM),  will  consist  of  twelve  distinct  items. 


The  basic  building  blocks  of  tactical  communication  systems. are 
the  switching  nodes.  The  nucleous  of  the  nodes  is  the  automatic  telephone 
type  switches.  Associated  with  each  switch  are  assemblages  from  the  TRI-TAC 
equipment  programs. 

An  infinite  number  of  nodal  types  could  be  assembled  due  to  the 
versatility  and  variety  of  TRI-TAC  equipment  types.  In  certain  types  of 
studies,  for  example,  determining  the  maintenance  requirements  for  a node. 


}J  Planning,  Programming,  and  Budgeting  Guidance  for  Joint  Tactical 
Communications  Programs,  Short  Title:  TRI-TAC  Program/Budget  Guide, 
TTO-OAM-060-77 , 1 January  1978. 
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the  number  of  nodal  types  must  be  bounded  if  any  meaningful  results  are 
expected.  The  purpose  of  this  manual  is  to  identify  a limited  number  of 
typical  nodal  types  that  have  been  developed  by  the  TRI-TAC  Office  in  an 
attempt  to  simplify  the  management /analytic  problem.  They  are  referred  to 
throughout  the  document  as  stylized  nodes. 

One  basic  assumption  was  used  in  this  nodal  model  development.  It 
is  that  there  are  many  more  similarities  than  differences  between  nodes  of 
a given  type.  It  also  seemed  reasonable  to  conclude  that  these  similarities 
will  exist  within  and  between  the  service  applications.  Based  on  these 
assumptions,  eleven  nodal  types  have  been  identified.  Four  contain  AN/TTC- 
39  switches,  four  are  based  on  the  AN/TTC-42,  and  three  address  the  SB-3865 
unit  level  switchboard. 

The  Service/Agency  users  of  this  document  should  find  it  to  be  a 
rather  simple  task  to  correlate  the  stylized  nodes  to  specific  nodal  con- 
figurations that  will  exist  in  real  life.  For  example,  if  a particular 
type  Corps  area  node  will  require  a 300  line  circuit  switch  and  no  message 
switch,  by  referring  to  Table  1,  page  16,  it  can  be  determined  that  this  is 
a Type  "C"  node. 

A long  term  objective  of  the  TRI-TAC  program  is  to  provide  an  all 
digital  communication  capability  for  the  services.  Economic  limitations 
will  not  permit  the  services  to  field  all  digital  systems  until  at  least 
the  1990' s.  In  the  meantime,  transitional  systems  employing  TRI-TAC  equip- 
ment with  a heavy  mix  of  analog  inventory  items  will  be  used  to  structure 
these  systems.  The  stylized  nodes  that  are  described  in  this  document  look 
at  the  equipment  mixes  that  will  exist  during  the  transitional  time  frame. 


>lications  of  the  Stylized  Nodal  Concept 


The  stylized  nodes  are  analytic  tools  supporting  cost  effec- 
tiveness analysis.!/  Originally,  these  stylized  nodes  were  formulated  to 
address  the  mobility  measure  of  effectiveness;  however,  other  applications 
are  quite  meaningful. 


The  mobility  problem  can  be  reduced  to  nodal  set-up  and  tear-down 
time.  The  basic  problem  is  that  equipment  specifications  state  a require- 
ment for  a set-up  and  tear-down  time  for  that  equipment  while  the  Service 
user  must  look  at  the  problem  of  how  fast  they  can  move  an  entire  communi- 
cations node.  The  nodal  movement  problem  transcends  the  individual  equip- 
ment problems  in  that  consideration  must  be  given  to  how  the  node  can  be 
moved  using  the  least  amount  of  resources.  Basically,  the  user  must  deter- 
mine how  resources  can  be  shared  among  the  different  nodal  equipments. 

These  shared  resources  can  be  people,  transport  and  material  handling 
vehicles,  maintenance  shops,  etc.  Nodal  analysis  permits  the  user  to  place 
such  a problem  into  perspective. 


IJ  Ibid,  Vol  II  - System  Effectiveness. 
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Other  uses  of  the  stylized  nodes  soon  become  apparent.  In  life 
cycle  cost  analysis,  the  shared  resource  considerations  become  critical  in 
that  very  seldom  is  a man  totally  committed  to  one  piece  of  equipment  in  a 
node.  He  may  be  there  to  service  all  nodal  COMSEC  devices,  all  transmitters, 
or  in  some  cases,  he  may  be  cross-trained  to  operate  or  maintain  several 
types  of  equipment.  The  stylized  node  concept  permits  the  analyst  again  to 
put  such  situations  into  perspective  in  that  he  can  determine  how  much  of 
the  nodal  "labor  pool"  should  be  charged  against  the  equipment  being  analyzed. 

The  logistic  planners  have  encountered  similar  requirements  for 
stylized  nodes.  To  minimize  support  costs,  which  are  a subset  of  life 
cycle  costs,  personnel,  test  equipment,  transport,  and  material  handling 
equipment,  etc.,  must  be  considered  as  shared  resources  at  a node.  The 
support  system,  including  the  supply  and  maintenance  hierachy  must  also  be 
shared.  These  basic  logistic  problems  can  be  identified  and  examined  based 
on  the  stylized  nodal  concept. 

The  first  user  of  the  stylized  nodes  was  the  National  Security 
Agency  on  the  TENLEY/SEELEY  contract.  TENLEY/SEELEY  is  a family  of  COMSEC 
devices  which  when  installed  in  various  TRI-TAC  assemblages,  provide  encryp- 
tion for  various  modes  of  communications.  It  was  determined  that  ILS 
and  LCC  cost  studies  on  the  individual  devices  within  this  equipment  family 
were  not  meaningful.  This  was  primarily  due  to  the  previously  mentioned 
shared  resource  concept.  The  stylized  nodes  provided  an  identification  of' 
types  of  COMSEC  equipment  that  will  appear  at  each  type  of  node  as  well  as 
a means  to  determine  the  head  count  of  these  equipments  for  each  nodal 
variation.  The  ILS/LCC  analyses,  using  these  inputs,  are  still  in  process 
but  preliminary  results  indicate  that  modifications  to  the  support  concepts 
may  be  in  order  as  a function  of  nodal  type. 

In  certain  cases,  communication  networks  are  required  for  parti- 
cular types  of  analysis.  The  problem  of  support  system  design  is  illustra- 
tive. The  numbers,  types  and  locations  of  equipment  are  critical  input 
parameters  in  structuring  a support  system.  This  type  of  information  can 
be  generated  by  overlaying  a communication  network  on  a force  deployment 
and  identifying  the  type  of  stylized  node  that  would  be  required  at  each 
switching  point.  Distances  to  higher  level  maintenance  facilities  and 
equipment  density  parameters  can  then  be  estimated  by  the  logistic  planners. 

The  above  examples  of  uses  of  the  stylized  nodes  are  not  intended 
to  be  all  inclusive.  These  thoughts  are  presented  to  give  the  analyst  or 
communication  planner  ideas  as  to  how  the  nodes  can  be  used.  1 t is  expected 
that  other  uses  will  be  found  for  them  the  more  they  are  used. 

1 . 4 Structure  of  the  Stylized  Nodes 


Each  node  is  first  described  in  this  report  in  terms  of  a block 
diagram  which  shows  its  major  elements  and  how  they  will  be  interconnected. 
Node  type  A in  Figure  1 is  used  as  an  example.  The  numbers  (range)  of  each 
major  equipment  that  can  appear  at  the  node  is  listed  in  a table  called 
Nodal  Variations,  Table  1.  The  cable  systems  that  may  be  used  to  provide 
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internodal  trunking  are  listed  in  Table  2.  The  COMSEC  and  DGM's  equipments 
required  at  the  node  but  not  to  be  included  in  major  subsystems  can  be 
found  in  Table  3.  Similar  tables  are  provided  for  various  levels  of  security, 
Tables  4-6.  The  COMSEC  and  DGM  equipments  found  in  the  major  subsystems 
are  found  in  Tables  7 and  8.  A consolidated  table  of  COMSEC  rack  require- 
ments is  contained  in  Table  32. 

This  pattern  is  followed  throughout  the  manual  for  the  other 
AN/TTC-39  nodes  as  well  as  the  AN/TTC-42  and  SB-3865  nodes.  Specific 
descriptions  of  the  figures  and  tables  are  presented  in  the  sections  on 
each  nodal  type. 

1 . 5 Use  of  Equipment  Tables 

1.5.1  Nodal  Equipment  Totals 

To  determine  the  total  number  of  TRI-TAC  items  included  in  a 
particular  AN/TTC-39  nodal  variation,  the  following  steps  are  required: 

a.  Refer  to  Tables  1 and  2 and  determine  the  major  assemblies 
and  cable  systems  equipments. 

b.  Refer  to  Tables  3 through  6 and  determine  the  quantities 
of  subscriber  and  DGM  equipment  for  a given  level  of 
security  in  a particular  nodal  variation. 

c.  Refer  to  Tables  7 through  14  and  determine  the  quantities 
of  COMSEC  and  DGM  items  in  major  assemblies  of  a parti- 
cular nodal  variation. 

d.  Refer  to  Table  32  for  COMSEC  rack  requirements. 

e.  Add  the  items  selected  from  Tables  1 and  2 and  the  results 

of  steps  b,  c,  and  d above  to  obtain  the  total  nodal  estimate. 

A similar  approach  would  also  be  followed  in  estimating  the 
equipments  that  would  be  fcund  at  either  an  AN/TTC-42  or  SB-3865  node. 

1.5.2  Additional  Nodal  Variations 

Additional  variations  of  nodal  configurations  can  be  readily 
developed  by  either  (1)  revising  one  or  more  of  the  ground  rules  which 
changes  the  equipment  allocations;  or  (2)  varying  the  major  assemblies  in 
a "stylized"  node.  For  example,  a Type  A node.  Variation  1,  has  been 
stylized  with  a Type  1 CNCE  and  two  to  four  SRWBR's.  Node  A can  be  varied 
by  assuming  employment  of  a Type  III  CNCE  and  reducing  the  requirement  to 
one  SRWBR.  The  COMSEC  and  DGM  items  in  the  Type  III  CNCE  can  be  determined 
by  referring  to  Table  11.  Other  changes  may  require  recomputation  of 
estimated  items  based  on  how  the  ground  rules  and  definitions  are  changed. 

A similar  procedure  would  be  followed  to  develop  additional  AN/TTC-42  or 
SB-3865  nodal  variations. 
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Sections  1 and  2 present  general  information  on  this  document. 
Sections  3,  4,  and  5 present  specific  details  on  the  AN/TTC-39,  AN/TTC-42, 
and  SB-3865  nodes,  in  that  order.  Section  6 contains  a list  of  abbrevia- 
tions that  are  used  in  this  document. 

3.0  DEVELOPMENT  OF  AN/TTC-39  NODAL  MODELS 

3.1  Nodal  Variations 

This  section  presents  a set  of  four  stylized  AN/TTC-39  nodes. 

The  stylized  nodes  illustrate  variations  in  configuration  based  on  CS  and 
MS  mixes,  levels  of  security  to  be  provided,  and  varying  applications  of 
other  TRI-TAC  equipment  to  include  COMSEC  and  multiplexing.  The  following 
AN/TTC-39  switch  variations  are  included: 

. Node  A:  600-line  CS  (4A/1D  and  3A/2D  matrix  variations) 
with  no  MS 

. Node  B:  600-line  CS  (4A/1D  and  3A/2D  matrix  variations) 
with  50-line  MS 

. Node  C:  300-line  CS  (2A/1D  and  1A/2D  matrix  variations) 
with  no  MS 

. Node  D:  300-line  CS  (2A/1D  and  1A/2D  matrix  variations) 
with  50-line  MS. 

3.1.1  Examination  of  Nodal  Variations 

The  four  nodes  were  defined  to  illustrate  the  most  common  varia- 
tions of  major  assemblies.  Then,  applying  a uniform  set  of  rules,  defini- 
tions, and  parameters  to  each  variation,  the  quantities  (or  ranges)  of 
TRI-TAC  equipment  assemblages  and  separate  items  in  the  various  subsystems 
were  determined.  Each  required  nodal  variation  was  then  examined  to  deter- 
mine equipment  population  variations  that  might  result  from  providing 
either  10-,  30- , 60-,  or  100-percent  security  to  digital  subscribers. 

Major  nodal  variations  selected  are  detailed  in  Subsections  3.2.  The 
common  variations  selected  were  based  on: 

. Type  and  size  of  CS 

Type  and  size  of  MS 

. Type  of  nodal  control  facility 

. Presence  or  absence  of  communications  system  control  element 

(CSCE),  one  or  more  short-range  wideband  radio  (SRWBR)  systems, 
or  a cable  extension  system 

. Number  and  types  of  surface  and  space  transmission  terminals. 
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3.1.2 


Establishment  of  Ground  Rules  and  Definitions 


To  provide  a consistent  basis  for  the  development  of  equipment 
estimates  and  a common  understanding  of  the  analytical  approach,  the 
following  rules  and  definitions  were  established: 

. A digital  matrix  is  assumed  to  have  150  lines  for  use  as 
loops  or  trunks. 

. The  loop-to-trunk  ratio  (L/TR)  at  the  CS  is  assumed  to  be 
60:40. 

. The  levels  of  security  to  be  provided  (10,  30,  60,  and  100 
percent)  will  have  reference  to  the  number  of  digital  sub- 
scribers who  are  provided  with  digital  subscriber  voice 
terminals  (DSVT)  for  operation  in  the  secure  voice  mode  via 
the  digital  matrix  of  the  CS. 

. The  high  estimate  of  DSVT  subscribers  will  be  based  on  10, 

30,  60,  or  100  percent  (as  appropriate)  of  the  total  digital 
usable  lines  (one  or  two  matrices). 

. The  low  estimates  of  DSVT  subscribers  will  be  based  on  10, 

30,  60,  or  100  percent  of  the  loop  portion  (60:40  loop-to- 
trunk  ratio)  of  the  usable  matrix  capacity. 

. Only  one  estimate  for  100-percent  security  will  be  provided, 
and  it  will  assume  that  the  total  loop  portion  (L/TR)  termi- 
nates DSVT  subscribers  (60  percent  of  usable  matrix  capacity) . 
Note:  Because  of  the  selected  loop-to-trunk  ratio  (60:40),  the 
high  estimate  for  60-percent  security  and  the  single  estimate 
for  100-percent  security  are  identical  in  this  illustration. 

A change  in  the  assumed  ratio  (or  in  other  ground  rules)  would 
produce  different  results. 

. Internodal  cable  systems  will  have  assumed  lengths  of  8 km. 

3.1.3  Development  of  Equipment  Parameters 

To  insure  that  later  cost-benefit  analysis  could  be  based  on 
logical  and  consistent  premises,  basic  parameters  were  established  to  be 
applied  in  developing  estimates  of  ranges  of  equipment  in  the  four  nodes. 
Equipment  variations  will  occur  because  of  such  factors  as  analog/digital 
(A/D)  matrix  mixes,  types  of  subscriber  equipment,  degrees  of  security,  and 
number  of  data  terminals  to  be  provided.  The  following  uniform  parameters 
were  applied  to  each  nodal  variation  in  order  to  determine  the  high  and  low 
estimates  of  TRI-TAC  equipments: 
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Item 

Low  Estimate 

High  Estimate 

DSVT 

Per  definitions  of  10,  30,  60, 
and  100%  security 

Per  security  definitions 

Extension 

Unit 

50%  of  DSVT 

50%  of  DSVT 

DNVT 

50%  loop  portion  - DSVT 

Loop  portion  - DSVT 

DLED 

20%  of  S&F  lines 

50%  of  S&F  lines 

MRTT 

(SST) 

20%  of  DSVT  + 30%  of  DLED 

20%  of  DSVT  + 30%  of  DLED 

TDF 

20%  of  DSVT 

20%  of  DSVT 

DA 

100%  DLED  +33%  DSVT  - MRTT 

100%  DLED  + 33%  DSVT  - MRTT 

RLGM 

Four  systems  per  digital 
matrix 

Eight  systems  per  digital 
matrix 

RLGMCD 

In  CNCE 

In  CNCE 

RMC 

Two  systems  per  digital 
matrix 

Four  systems  per  digital 
matrix 

TGM 

One  system  per  digital 
matrix 

Two  systems  per  digital 
matrix 

LSCDM 

In  CNCE 

In  CNCE 

HSCDM 

In  CNCE 

In  CNCE 

HSPR 

One  every  400  m in  HS 
cable  system 

One  every  400  m in  HS 
cable  system 

LSPR 

One  every  1.6  km  in  LS 
cable  system 

One  every  1.6  km  in  LS 
cable  system 

LGM 

One  per  digital  matrix 

Two  per  digital  matrix 

3.2  Illustration  of  Nodal  Configurations 


The  basic  nodal  variations  developed  are  illustrated  in  Figures  1 
through  4.  The  subscriber  subsystem  access  to  the  nodes  have  been  shown 
as  terminating  in  the  nodal  switch.  Nodal  access  can  also  be  made  through 
the  CNCE,  particularly  when  an  RLGM/RLGMCD  system  or  a radio  extension 
facility  is  required.  In  order  not  to  complicate  the  diagrams,  only  the 
switch  access  has  been  shown.  Also  in  these  diagrams,  dashed  boxes  are 
used  to  indicate  variable  numbers  of  equipment  items. 
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3.2.1  Node  A 


Figure  1 depicts  a node  employing  a 600-line  AN/TTC-39  CS  with  no 
MS.  A Type  I communications  nodal  control  element  (CNCE)  would  provide 
control  and  multiplexing  functions.  Main  transmission  links  to  other 
nodes  employ  satellite,  tropo,  and  LOS  radio  terminals.  One  SRWBR  link 
carries  the  main  digital  trunk  groups  to  and  from  the  radio  park.  Inter- 
nodal  trunking  may  also  be  provided  by  high-  and  low-speed  cable  systems, 
as  illustrated.  The  subscriber  access  subsystem  includes  a variety  of 
analog  and  digital  subscribers,  a communications  center,  and  mobile  radio 
terminals  served  by  the  nodal  CS.  Access  to  the  node  also  includes  both 
analog  and  digital  unit  level  switches  (ULS)  and  terminals  of  the  tactical 
data  systems. 

3.2.2  Node  B 


Figure  2 is  a similar  nodal  configuration  employing  a 50-line  MS 
(S&F)  with  the  600-line  CS.  A CSCE  is  located  at  this  node  and  is  assumed 
to  be  controlling  several  other  nodes.  Two  SRWBR  systems  provide  up/down- 
the-hill  transmission  paths  for  separated  radio  parks.  Static  subscribers 
include  dedicated  loop  subscribers  employing  dedicated  loop  encryption 
device  (DLED)  COMSEC  devices  for  MS  access. 

3.2.3  Node  C 


Figure  3 depicts  a node  employing  a 300-line  AN/TTC-39  CS  and  no 
MS.  A Type  III  CNCE  provides  nodal  control.  One  SRWBR  system  provides  the 
digital  path  to  the  radio  park. 

3.2.4  Node  D 


Figure  4 is  a similar  nodal  configuration  employing  a 50-line  MS 
(S&F)  in  conjunction  with  the  300-line  CS.  This  node  has  been  configured 
to  illustrate  use  of  coaxial  cables  for  connection  to  all  radio  terminals 
rather  than  a SRWBR  system  as  used  in  the  other  nodes. 

3. 3 Equipment  Estimates 

Estimated  equipment  requirements  for  each  nodal  variation  based 
on  the  above  rules,  definitions,  and  parameters  are  presented  in  Tables  1 
through  14.  A brief  description  of  these  tables  is  as  follows: 

. Table  1 lists  the  major  assemblies  in  each  nodal  variation. 

Low  and  high  estimates  of  radio  terminals  have  been  provided 
because  of  the  flexibility  of  those  requirements. 

. Table  2 provides  the  estimates  of  internodal  cable  systems 
that  have  been  assumed  in  the  stylized  nodes. 
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Tables  3 through  6 provide  the  estimates  of  subscriber  and 
digital  group  multiplexer  (DGM)  equipments  required  in  each 
nodal  variation  if  10-,  30-,  60-,  or  100-percent  security, 
respectively,  is  provided  for  digital  subscribers. 

Table  7 lists  the  major  assemblies  listed  in  Table  1 for 
Node  A - Variation  1 (4A/1D  mix)  and  provides  the  quantities 
of  TRI-TAC  COMSEC  and  DGM  items  included  in  each  major  assembly. 
Low  and  high  estimates  of  equipment  requirements  are  provided 
where  appropriate,  and  nodal  totals  for  items  in  major  assemb- 
lies have  been  computed. 

Table  8 provides  similar  information  for  Variation  2 of  Node  A 
(3A/2D). 

Tables  9 through  14  list  the  items  found  in  major  assemblies 
in  the  variations  of  Nodes  B,  C,  and  D. 


Tad  Data 
Systems 


I Tropo/LOS 


FIGURE  2 
Node  B 


FIGURE  4 
Node  D 


Low-Speed 
Cable  System 


( 1A/2D) 


TABLE  2 

Nodal  Configurations  - 
Internodal  Cable  System  Equipment 
(Assumed  System  Length  is  8 km) 


* Located  in  CNCE  of  each  node. 


Maior  Assembl 


RLGMCD  - Located  in  CNCE. 
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TABLE  12 

Node  C - Variation  2 
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Similar 


1 


4 . 0 DEVELOPMENT  OF  AN/TTC-42  NODAL  MODELS 


4 . 1 Selection  of  Nodal  Variations 

This  section  proposes  nodal  configurations  for  the  employment  of 
Unit  Level  Switches  AN/TTC-42.  Four  nodal  variations  were  developed  in  a 
manner  similar  to  that  applied  to  AN/TTC-39  nodes.  The  following  varia- 
tions of  AN/TTC-42  nodes  were  selected: 

. Node  E:  150-line  Unit  Level  Switch  AN/TTC-42 
(ULCS)  with  no  MS 

. Node  F:  150-line  ULCS  with  24-line  Unit  Level 
Message  Switch  (ULMS) 

. Node  G:  75-line  ULCS  with  no  MS 

Node  H:  75-line  ULCS  with  12-line  ULMS. 

4 . 2 Ground  Rules,  Definitions,  and  Equipment  Parameters 


To  maintain  consistency  in  the  analytical  process,  the  rules, 
definitions,  and  equipment  parameters  established  for  AN/TTC-39  nodal 
models  were  adhered  to;  only  the  necessary  modifications  were  made.  The 
changes  necessitated  by  the  differences  between  large  tandem  switching 
nodes  (AN/TTC-39)  and  the  smaller  nodes  (AN/TTC-42)  are  as  follows: 


The  150-line  ULCS  is  assumed  to  have  the  same  basic 
capacities  as  one  digital  matrix  of  the  AN/TTC-39. 

The  loop-to-trunk  ratio  (L/TR)  of  the  ULCS  is  assumed  to  be 
70:30  to  provide  a slightly  higher  loop  requirement  than  with 
the  tandem  switch  (60:40). 

The  75-line  ULCS  is  treated  as  one-half  of  an  AN/TTC-39 
digital  matrix. 

The  low  estimate  of  DSVT  subscribers  is  based  on  10,  30,  60, 
or  100  percent  (as  appropriate)  of  the  loop  ratio  (L/TR) 
assuming  that  75  percent  of  the  available  loops  are  in  use. 

The  high  estimate  of  DSVT  subscribers  is  based  on  10,  30,  60, 
or  100  percent  of  the  L/TR,  assuming  that  all  available  loops 
are  in  use. 

All  calculations  are  based  on  the  full  digital  capacity  of  the 
AN/TTC-42 (150  or  75  lines) . If  analog  terminations  are 
assumed  (up  to  24  may  be  accommodated),  the  digital  equipment 
calculations  should  be  adjusted  accordingly. 

The  following  modified  equipment  parameters  were  assumed: 
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Illustration  of  AN/TTC-42  Nodal  Configurations 


The  basic  AN/TTC-42  nodal  variations  developed  for  use  in  this 
study  are  illustrated  in  Figures  5 through  8.  Subscriber  access  can  be 
through  either  the  nodal  switch  or  the  CNCE.  Qualification  of  the  access 
problem  are  spelled  out  in  paragraph  3.2. 


4.3.1  Node  E 

Figure  5 depicts  a node  employing  a 150-line  ULCS  with  no  MS.  A 
CNCE  Type  X (or  later  version  that  may  be  developed  for  this  application) 
provides  nodal  control  and  certain  multiplexing  functions.  Main  trans- 
mission links  to  other  nodes  may  employ  a combination  of  satellite,  tropo, 
and  LOS  radio  terminals.  One  SRWBR  link  carries  the  main  digital  trunk 
groups  to  and  from  the  radio  park.  Internodal  trunking  may  also  be  pro- 
vided by  LS  cable  systems,  as  illustrated.  The  subscriber  access  subsystem 
includes  a variety  of  analog  and  digital  subscribers,  a communications 
center,  and  mobile  radio  terminals  served  by  the  nodal  CS.  Access  to  the 
node  also  includes  both  analog  and  digital  ULS’s  and  terminals  of  the 
tactical  data  systems. 


* 
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4.3.2 


Node  F 


Figure  6 is  a similar  nodal  configuration  employing  a 24-line 
ULMS  with  the  150-line  ULCS.  Static  subscribers  include  dedicated  loop 
subscribers  employing  dedicated  loop  encryption  devices  (DLED)  for  ULMS 
access.  The  other  nodal  features  are  the  same  as  Node  E. 

4.3.3  Node  G 


Figure  7 depicts  a node  employing  a 75-line  ULCS  and  no  ULMS. 
This  node  is  similar  to  Node  E in  all  other  respects  except  that  an  SRWBR 
system  is  not  used.  Paths  to  radio  terminals  are  provided  by  coaxial 
cables. 


4.3.4  Node  H 


Figure  8 is  a similar  nodal  configuration  employing  a 12-line 
ULMS  in  conjunction  with  the  75-line  ULCS. 

4.4  Equipment  Estimates 

Estimated  equipment  requirements  for  the  AN/TTC-42  nodal  varia- 
tions based  on  the  preceding  rules,  definitions,  and  parameters  are  pre- 
sented in  Tables  15  through  23.  A brief  deserintion  of  these  tables  follows 

. Table  15  lists  the  major  assemblies  and  internodal  cable 
system  that  have  been  assumed  for  each  nodal  variation. 

. Tables  16  through  19  provide  the  estimates  of  subscriber  and 
digital  group  multiplexer  (DGM)  equipments  required  in  each 
nodal  variation  if  10-,  30-,  60-,  or  100-percent  security, 
respectively,  is  provided  for  digital  subscribers. 

. Table  20  lists  the  major  assemblies  presented  in  Table  16 

for  Node  E (150-line  ULCS  with  no  ULMS)  and  provides  quantities 
of  TRI-TAC  COMSEC  and  DGM  items  included  in  each  major  assembly. 
Low  and  high  estimates  of  equipment  requirements  are  provided 
where  appropriate,  and  nodal  totals  for  items  in  major  assemb- 
lies have  been  computed. 

. Tables  21  through  23  list  the  items  found  in  major  assemblies 
in  Nodes  F,  G,  and  H. 
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TABLE  15 

AN/TTC-42  Nodal  Configurations 
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Nodal  Conf igurat ions-Subscriber  & DGM  Equipment 
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TABLE  18 

Nodal  Configurations-Subscriber  & DGM  Equipment 
607  Securitv  (Digital  Subscribers) 
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TABLE  19 

Nodal  Conf igurations-Subscriber  & DGM  Equipment 
100%  Security  (Digital  Subscriber) 


Totals 


TABLE  21 

Node  F - Items  in  Major  Assemblies 
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DEVELOPMENT  OF  SB- 5865  NODAL  MODELS 


5.1  Selection  of  Nodal  Variations 

The  SB-3865  Is  a 30/60/90  line  Unit  Level  Switchboard.  The 
following  nodal  variations  of  the  SB- 3865  switchboard  were  developed: 

Node  J:  60-line  SB-3865  with  12-line  ULS  AN/TYC-11 

Node  K:  30-line  SB- 3865  with  no  MS 

Node  L:  30-line  SB-3865  with  12-line  ULMS  AN/GYC-7. 

5.2  Ground  Rules,  Definitions,  and  Equipment  Parameters 

The  rules,  definitions,  and  equipment  parameters  established  for 
the  AN/TTC-42  nodal  models,  as  listed  in  Subsection  4.2,  were  applied  to 
the  SB-3865  nodes  with  the  following  exceptions: 

. All  calculations  are  based  on  the  full  digital  capacity  of 
the  SB- 3865  (30,  60,  or  90  lines).  If  analog  terminations 
are  assumed  (up  to  four  may  be  accommodated),  the  digital 
equipment  calculations  should  be  adjusted  accordingly. 

. The  following  modified  equipment  parameters  were  assumed: 


Item 

Low 

Estimate 

High  Estimate 

RLCM 

Two 

per  30-line 

unit 

Three  per  30-line  unit 

RMC 

One 

per  30-line 

unit 

Two  per  30-line  unit 

5.3  Illustration  of  SB-3865  Nodal  Configurations 

The  basic  SB-3865  nodal  variations  developed  for  use  in  this 
study  are  illustrated  in  Figures  9 through  11. 

5.3.1  Node  J 

Figure  9 depicts  a node  employing  a 60-line  version  of  the  SB-3865 
with  a 12-line  ULMS,  AN/TYC-11.  A CNCE  Type  X (or  a later  version  of  a 
small  CNCE)  provides  nodal  control  and  certain  multiplexing  functions. 

Main  transmission  links  to  other  nodes  may  be  provided  by  satellite,  tropo, 
and  LOS  radio  terminals  and  low-speed  cable  systems,  as  illustrated.  Paths 
to  radio  terminals  are  provided  by  coaxial  cables.  The  subscriber  access 
subsystem  includes  a variety  of  analog  and  digital  subscribers,  a communi- 
cations center,  mobile  radio  terminals  served  by  the  ULCS,  and  dedicated 
loop  subscribers  served  by  the  ULMS. 


5.3.2 


Node  K 


Figure  10  is  a nodal  configuration  employing  one  30-line  SB-3865 
unit  with  no  MS.  Communication  center  service  is  provided  by  MRTT  (SST) 
terminals  rather  than  an  MTCC  assemblage.  A CNCE  assemblage  is  not  re- 
quired in  the  smaller  node. 

5.3.3  Node  L 

Figure  11  is  a node  employing  the  12-line  "throw-on-the-ground" 
ULMS,  AN/GYC-7,  in  conjunction  with  the  30-line  CS.  This  node  is  similar 
to  Node  K in  all  other  respects. 

5.4  Equipment  Estimates 

Estimated  equipment  requirements  for  the  SB-3865  nodal  variations 
are  presented  in  Tables  24  through  31.  A brief  description  of  these 
tables  follows: 

. Table  24  lists  the  major  assemblies  and  internodal  cable 

systems  that  have  been  assumed  for  each  nodal  variation. 

. Tables  25  through  28  provide  the  estimates  of  subscriber  and 
DGM  equipments  required  in  each  nodal  variation  for  the  four 
levels  of  security  considered. 

. Tables  29  through  31  provide  the  quantities  of  TRI-TAC  COMSEC 
and  DGM  items  included  in  the  major  assemblies  of  each  of  the 
three  nodal  variations. 

. Table  32  lists  the  TRI-TAC  COMSEC  rack  requirements. 
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TABLE  27 

Nodal  Conf igurations-Subscriber 
and  DGM  Equipment  - 30% 
Security  (Digital  Subscribers) 


A 


TABLE  30 

Node  K - Items  in  Major  Assemblies 


TABLE  32 

COMSEC  Rack  Requirements 


Circuit  Switch 

AN/TTC-39  (300  line) 

Message  Switch 

AN/TYC-39  (50  line) 

Message  Switch 

AN/TCY-39  (25  line) 

Circuit  Switch 

AN/TTC-42  (150  line) 

Circuit  Switch 

AN/TTC-42  (75  line) 

Message  Switch 

AN/TYC-11  (24  line) 

2 

Message  Switch 

AN/TYC-11  (12  line) 

B 

CNCE 

AN/TSQ-111 

1 

CNCE  - X 


2 
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6.0 

ABBREVIATIONS 

The  following 

is  a list  of  abbreviations  used  in  the  tabli 

and 

diagrams  included  in 

this  report: 

A 

Analog 

A/D 

Analog- to-digital 

AKDC/RCU 

Automatic  Key  Distribution  Center/Rekeying 
Control  Unit 

CNCE 

Communications  Nodal  Control  Element 

COMSEC 

Communications  Security 

CS 

Circuit  Switch 

CSCE 

Communications  System  Control  Element 

CU 

Control  Unit 

D 

Digital 

DA 

Data  Adapter 

DGM 

Digital  Group  Multiplexer 

DLED 

Dedicated  Loop  Encryptio-  Device 

DNVT 

Digital  Non-Secure  Voice  Terminal 

DSVT 

Digital  Subscriber  Voice  Terminal 

ETD 

Electronic  Transfer  Device 

HSCDM 

High-Speed  Cable  Driver  Modem 

HSPR 

High-Speed  Pulse  Restorer 

ICU 

Interface  Control  Unit 

KVG 

Key  Variable  Generator 

LGM 

Loop  Group  Multiplexer 

LKG 

Loop  Key  Generator 

LOS 

Line-of-Sight 

LR 

Loop  Ratio 

LS 

Low  Speed 

LSCDM 

Low-Speed  Cable  Driver  Modem 

LSPR 

Low-Speed  Pulse  Restorer 

MGM 

Master  Group  Multiplexer 

MRTT 

Modular  Record  Traffic  Terminal 

MS 

Message  Switch 

MTCC 

Modular  Tactical  Communications  Center 

NSA 

National  Security  Agency 

NCD 

Net  Control  Device 

NR  I 

Net  Radio  Interface 

RLGM 

Remote  Loop  Group  Multiplexer 

RLGMCD 

Remote  Loop  Group  Multiplexer  Cable  Driver 

RMC 

Remote  Multiplexer  Combiner 

SA 

Subscriber  Access 

SATTML 

Satellite  Terminal 

S&F 

Store-and-Forward  (Message  Switch) 

SRWBR 

Short-Range  Wideband  Radio 

TDF 

Tactical  Digital  Facsimile 

TED 

Trunk  Encryption  Device 

TGM 

Trunk  Group  Multiplexer 

TS 

Trunk  Switch 

ULCS 

Unit  Level  Circuit  Switch 

ULMS 

Unit  Level  Message  Switch 

ULS 

Unit  Level  Switch 
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